(1) The outcome of overgrowth interactions and the spatial relationships between interacting colonies were determined for fifteen cheilostome species encrusting the undersurfaces of nine foliaceous corals collected from Rio Bueno, Jamaica.
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Overgrowth competition between ectoprocts Jackson 1977a Jackson , 1979 . This often results in growth in new directions outwards from the newly formed colony margin. All such responses presumably involve some physiological reorientation of the colony which is reflected in a lag in initiation of new growth (Lutaud 1961) .
Contact between cheilostome colonies may occur in two different ways: (i) growing edge to growing edge or (ii) growing edge to non-growing edge. In the first case contact can result from growth by one or both of the colonies involved. If overgrowth occurs, the outcome will depend upon the morphological features, growth characteristics, and other attributes of the species involved. Growing edge to growing edge encounters should be most common among more or less equidimensional colonies.
In the second case contact results from growth of one colony against the non-growing margin of another. If overgrowth occurs, the outcome will depend not only on features enumerated above but also on the ability of the non-growing colony to start growing and/or throw up a 'defence' in the encounter zone. Such responses take time. Thus the colony which initiates the interaction (has its growing edge there first) may gain a decided initial advantage. Growing edge to non-growing edge encounters should be most frequent between fan-like, runner-like, or irregularly-shaped encrustations. The growth forms, original growth directions, and past histories of disturbances (predation, physical events, previous overgrowth, etc.) are all factors which affect the irregularity of the colony margin (Jackson 1979 ).
FREQUENCY AND OUTCOME OF OVERGROWTHS

Methods
One of the most common cryptic habitats on Caribbean reefs is the skeletal undersurface of foliaceous corals like Agaricia, Montastrea, and Porites (Hartman & Goreau 1970; Jackson, Goreau & Hartman 1971) . The undersurfaces of these corals support a highly diverse encrusting biota of sponges, ectoprocts, ascidians, algae, etc. Nine foliaceous corals (National Museum of Natural History catalogue numbers USNM 256770-256778) were collected in July 1977 from depths of -11 to -20 m on a vertical reef face just west of Rio Bueno Harbour, Jamaica. Corals were chosen for collection on the basis of obvious abundance of cheilostomes on their undersurfaces in order to maximize the number of cheilostome-cheilostome encounters observed. The corals were maintained in running seawater for microscopic inspection of overgrowths and census of the cryptic community. The corals were then air dried without bleaching.
Census of the cryptic community was by point sampling which provided a rapid and reasonably accurate estimate of the percent cover of primary substratum (the coral undersurface) occupied by different organisms (Jackson 1977b; Sutherland & Karlson 1977) . Random points were marked on a transparent acetate sheet which was lain on the coral undersurface. The organisms immediately underlying the points were recorded. The number of points per coral (forty to 100) varied with coral undersurface area (217 to 664 cm2). A total of 548 points were examined microscopically (10 x) for all nine corals (total undersurface area 3830 cm2).
Compilation of the frequency and outcome of different cheilostome-cheilostome encounters was made from analysis of dried specimens because small colonies and contacts between colonies are easier to see when dried and not obscured by mucus and sediment. There was no difficulty in telling which portions of colonies were alive when collected because drying preserves the frontal membranes and opercula of cheilostome zooids and these are present only in living zooids.
Observations of encounters were recorded only in cases where cheilostomes live at the time of collection were in physical contact. Observations were made along the entire length of each colony margin. Each coral undersurface was scanned under the microscope (10 x ) and all contacts between cheilostome colonies recorded. Overgrowth was defined as the elevation of the growing edge of one colony over the edge of another to the extent that it covers the orifices of zooids (Stebbing 1973a) . It is assumed that once a colony has overgrown another this far, further overgrowth is possible via the same mechanism. This assumption is justifiable, because once a leading edge of a colony is covered by another it can grow no further in this area, while the overgrowing colony usually can continue to do so (Stebbing 1973a ). Ties were defined as contacts in which growth had apparently stopped along the margin of contact so that neither colony overgrew the other. Fusion was defined as the merging of two contacting colony margins into a single colony.
An encounter was defined as any continuous line of contact between two colonies for which the outcome of the interaction was the same (i.e. one colony overgrowing the other, or tie interactions with no overgrowth) ( Fig. 2(a),(b) ). The line may be short (a few mm) or long (up to 5 or 10 cm), but so long as contact was continuous it was recorded as a single encounter. However, if the outcome of an interaction changed along the line of contact between two colonies, each outcome was recorded as a separate encounter (Fig. 2(c) ). Discontinuous contacts between the same two colonies were also recorded as separate encounters (Fig. 2(d) ).
It should be emphasized that all observations apply only to the situation at Rio Bueno at the time of collection, and thus present a static picture of overgrowth relationships at a particular time and place. This is of little consequence to observations regarding conditions which influence overgrowth or mechanisms of overgrowth, but does limit generalization regarding rankings of overgrowth ability which might vary considerably with place or time of year.
Results
Results of the census are summarized in Table 1 . Cheilostomes covered 49.9%/ of the total undersurface area. This is about three times the average cheilostome cover observed in an ongoing long term study of cheilostome population dynamics at these depths at Rio Bueno and simply reflects preferential collecting for cheilostomes. Four cheilostome species (Steginoporella sp. nov., Reptadeonella violacea, Stylopoma spongites, and Parasmittina sp.) comprised 960 of the cheilostome cover. Rank abundances of these four species in Table 1 are the same as observed in the long term study. Nine of the fifteen cheilostome species listed were detected in the census; the remaining six were observed only in detailed examination of colony encounters. Coralline algae and demosponges were the next most abundant organisms. There was only 2.20% unoccupied space.
The number of encounters between cheilostomes and their outcomes are presented in Table 1 . Encounters involving overgrowth were overwhelmingly the most common occurrence. Ties were common only in intraspecific encounters. Fusion was observed only in encounters between different regions of the same colony. A total of 221 cheilostome-cheilostome encounters were recorded; 117 (234 . 2) interspecific encounters and 104 intraspecific encounters. This gives one cheilostome-cheilostome encounter for every 17 cm2 of coral undersurface examined. Overgrowth was observed in 115 of the interspecific encounters and eighty-four of the intraspecific encounters. The Kendall rank-order correlation of percent cover of each cheilostome species and the number of encounters each species is involved in is r = + 0.53 (P < 0-05). Since the vast majority of encounters involve overgrowth, this correlation suggests that the more space a sessile cheilostome species occupies, the greater the number of overgrowth interactions it must endure.
Seven cheilostome species were involved in more than ten interspecific encounters. All are encrusting, predominantly sheet-like forms (see Jackson 1979 for discussion of the importance of growth form to interactions between sessile organisms inhabiting hard substrata). The contact matrix of the 114 pairwise overgrowth interactions involving these species is shown in Table 2 . Values are percentages of interactions in which A over- grows B. The number of interactions between species pairs ranged from zero to twentythree; these are indicated in parentheses. The same seven species are ranked in Fig. 3 in decreasing order of their wins/losses (W/L) ratios. For any cheilostome species x this ratio is defined as the number of interactions in which species x overgrew all other cheilostome species divided by the number of interactions in which the other cheilostomes overgrew species x. Overall differences in the numbers of wins and losses for these seven species are highly significant (2 x 7 contingency table; P < 0.001). Although not enough overgrowths were observed to detect significant W/L differences between all pairs (if indeed they exist), the species are readily separated into three broad categories of competitive overgrowth ability. None of the seven species in Fig. 3 won in all of its overgrowth interactions. Of the ninety-four pairwise overgrowth interactions between these species there were twentyfive reversals, i.e. cases in which a lower-ranked species was observed to have overgrown a higher-ranked species. Even the highest ranked species were occasionally overgrown. Thus rankings of overgrowth ability of cheilostome species do not form simple hierarchical sequences in this situation.
Another feature evident in Table 2 and Fig. 3 is that the outcome of overgrowth interaction between colonies of the same two species was not always the same. For example, interactions between Steginoporella sp. nov. and R. violacea resulted in fourteen wins for the former and nine wins for the latter species. Often this variation was evident in interactions between different regions of the same two colonies as in the situation illustrated in Fig. 2(c) . Variations in outcome also occurred between species pairs including a cheilostome and a species of some other group such as sponges or corals. Data presented in the next section indicate that these variations in outcome in overgrowth interactions are frequently related to two factors: (i) orientation (growth directions) and associated encounter angles between cheilostome colonies and their overgrowth competitors, and (ii) the condition of the cheilostome colony surface in the region of overgrowth.
SPATIAL RELATIONSHIPS BETWEEN COLONIES IN OVERGROWTH INTERACTIONS
Spatial relationships between encrusting cheilostomes include the distribution and orientation of colonies on the substratum surface and the budding patterns of zooids within colonies. In this section I examine two aspects of spatial relationships which appear to influence strongly the outcome of overgrowth interactions between these organisms.
Importance of encounter angles in overgrowth interactions
Previously established spatial relationships largely determine whether contact between colonies results from growth by one or both colonies involved (i.e. growing edge to growing edge or growing edge to non-growing edge encounters). To examine the outcome of these two types of interactions I determined the encounter angle for each of the 115 interspecific cheilostome-cheilostome encounters recorded in Table 1 Table 1 . Because many overgrowth interactions involve more than one encounter angle the percentages of rear, flank, and frontal overgrowth interactions total more than 100% for each species.
involved flank overgrowth, and twenty-seven (23%) involved rear overgrowth. Although frontal overgrowth interactions were the most frequent, overgrowth at other angles was also common, and thus may be responsible for some of the observed variations in outcome of pairwise overgrowth interactions. The outcomes of overgrowth at different encounter angles are given in Table 3 . Comparison of overgrowth W/L ratios for frontal encounters versus total encounters shows that Parasmittina sp. and Steginoporella sp. nov. fared somewhat better in head-on interactions whereas the remaining five species fared somewhat worse. These differences suggest an encounter angle effect.
Consider Reptadeonella violacea and Steginoporella sp. nov., the two species involved in the most overgrowth interactions. Their W/L ratios for all overgrowth interactions are similar (1 -1 v. 1.4) Comparison of the numbers of wins and losses in frontal overgrowth interactions for the other abundant space occupiers reveals significant differences between only R. violacea and Parasmittina sp. (2 x 2 contingency table; P = 0.001). Other differences probably exist (e.g., between R. violacea and S. spongites) but there are not enough data. Examples of overgrowth interactions involving S. spongites, Steginoporella sp. nov., and R. violacea at different encounter angles are shown in Plates 1 and 2.
The same kinds of encounter angle relationships were frequently observed, but not quantified, for interactions between Steginoporella sp. nov. and the corals Tubastraea aurea and Madracis decactis, the foraminiferan Gypsina sp., several sponges (including ?Tenaciella sp. and ?Toxemna sp.), and crustose algae. Steginoporella sp. nov. won most of its frontal overgrowth interactions but usually lost in interactions along its flanks or rear with these organisms.
Importance of colony surface condition in overgrowth interactions
Of particular interest here are interspecific differences in the condition of the older zooids in cheilostome colonies. Colonies of some species show proximal zones of apparent zooid deterioration or death while similar-sized colonies of other species do not. Zooid deterioration is particularly pronounced in Steginoporella sp. nov. (Plates 1 and 2) . Deterioration increases towards more proximal (older) colony regions-(S. R. Palumbi and J. B. C. Jackson unpublished data). Comparatively young zooids near the growing edge are bright brick red in colour and unfouled by epizoans. More proximal zooids are dull reddish brown to brown in colour and are often heavily fouled by serpulids, algae, and other organisms. Lophophores are extended less frequently for feeding, and there is a marked increase in the numbers of empty, apparently dead zooids. Zooid deterioration is sometimes evident less than 1 cm from the growing edge but more commonly begins 3 to 10 cm behind it. It is not known whether zooid deterioration is intrinsic (senescence), environmentally induced, or both intrinsic and extrinsic in origin. However, the variable width of the zone of brightly coloured, unfouled zooids at any one time of year strongly suggests some kind of external control. Zooid deterioration was not apparent among any of the other common cheilostome species studied.
Fouled, inactive zooids should be particularly susceptible to overgrowth by other organisms. To evaluate this hypothesis, all overgrowth interactions involving Steginoporella sp. nov. were examined to determine the condition of Steginoporella zooids (unfouled or fouled) along the encounter line between colonies. Results are summarized in Table 4 In addition to growth responses, behavioural responses (feeding interference, allelopathy) and environmental factors (microtopography, food availability, sedimentation) must also have a profound effect on the outcome of overgrowth interactions, but we have almost no data on their importance.
DISCUSSION AND CONCLUSIONS
Data presented above demonstrate that spatial relationships are important determinants of the outcome of overgrowth interactions between encrusting cheilostomes. The existence of comparable growth patterns and functional patterns within other colonial animal groups such as ascidians and many cnidarians (reviewed in Jackson 1979) suggests that spatial relationships may also be important in overgrowth interactions between these organisms.
It is interesting to consider the four most abundant cheilostome species listed in Table  1 in terms of the importance of different factors to their success in overgrowth interactions. All four species have W/L ratios greater than 1 but they appear to achieve their success in quite different ways (Table 5 ). Steginoporella sp. nov. is the most abundant Zooid deterioration seems to be Steginoporella's biggest problem in maintaining space, not only in terms of increased susceptibility to overgrowth by previously settled organisms, but also to fouling by larvae of superior overgrowth competitors which may eventually overgrow the Steginoporella colony (Jackson 1979; Jackson & Palumbi 1979 ). Steginoporella sp. nov. is the only abundant anascan cheilostome found under corals at Rio Bueno, and as such lacks a calcified frontal wall (Ryland 1970) . It is also incapable of frontal budding. Instead this species commonly grows in curving, fan-like encrustations. In this way colonies often grow back over themselves, thereby covering older, fouled zooids with younger, unfouled zooids and also raising the colony surface one zooid layer away from the substratum surface. This process is not as effective as frontal budding, however, and I have never seen a coral undersurface entirely overgrown by Steginoporella sp. nov. Highly directional growth and the importance of colony surface condition make spatial relationships extremely important to the outcome of overgrowth interactions involving this species.
Like Steginoporella sp. nov., Parasmittina sp. and Stylopoma spongites exhibit considerable reorientation of their colony margins and growth directions in regions of overgrowth interactions. Nevertheless, they are more restricted to a primarily encrusting habit than is Steginoporella sp. nov. Parasmittina sp. and S. spongites are capable of extensive frontal budding. Their colony surfaces are virtually always unfouled and colony size often relatively large. Occasionally coral undersurfaces are entirely covered by one or the other of these two species. Thus, where they occur, S. spongites and Parasmittina sp. are highly successful. Their lower abundance compared with Steginoporella sp. nov. and Reptadeonella violacea can hardly be attributed to overgrowth abilities and must reflect some other factors. This is especially clear for R. violacea which is the poorest overgrowth competitor of the four commonest species. This species does not show extensive frontal budding and apparently has little ability to reorient its colony margins or growth direction in regions of overgrowth interactions.
The reversible outcome of pairwise overgrowth interactions involving the same two cheilostome species is readily explained by the variety of factors which affect the outcome of these interactions. The same is probably true for demosponges, scleractinian corals, or any other colonial animals which may varyingly employ aggression (Lang 1970 (Lang , 1973 Under such circumstances it is extremely unlikely that the outcome of any two-species interaction involving sessile colonial animals will always be the same (e.g. Osman 1977, Table 2 ). Thus, as predicted previously (Gilpin 1975; Jackson & Buss 1975) , no species is likely to win all of its competitive interactions and rankings of species' competitive abilities will rarely, if ever, form simple hierarchical sequences.
